BACKGROUND
The IPCC's Fifth Assessment Report (IPCC 2013b) assessed that the global mean surface temperature change at the end of the 21st century relative to the mean between 1850 and 1900 is 'unlikely (defined by the IPCC as a probability between 0 and 10%) to exceed 4°C for RCP2.6, RCP4.5 and RCP6.0 (high confidence) and is about as likely as not to exceed 4°C for RCP8.5 (medium confidence) ' (p. 20) . Since all of the RCP scenarios (Meinshausen et al. 2011) may be considered to be plausible, and do not have probabilities attached to them (IPCC 2013c) , this actually implies that while the probability of 'extreme' global warming may be assumed to be low, a global mean surface temperature change exceeding even 4°C compared to pre-industrial levels cannot be ruled out based on the current state of knowledge. Beyond the 21st century, current climate pro jections suggest that it could be a question of when (not if) it will happen, should current levels of greenhouse gas emissions remain unmitigated. Fig. 1 shows the projected exceedance point in time (year) as a function of the 'exceedance global mean temperature' for the CMIP3 (Meehl et al. 2007 ) and CMIP5 (Taylor et al. 2012 ) models under different emission scenarios. The spread of the individual projections show that, beyond the year 2100, global warming levels on the order of 4°C or more are clearly achievable. For the past decade, however, the emphasis, both in terms of policy and science, has been on how to stabilize global greenhouse gas emissions at a level equivalent to a global mean surface warming 2°C above pre-industrial levels within the 21st century, with research projects frequently targetting 'middle-of-the-road' scenarios such as SRES A1B (Nakićenović & Swart 2000) ABSTRACT: In this Climate Research (CR) Special, the Centre for Regional Change in the Earth System (CRES) brings together scientific expertise (ranging from climate to social sciences) with practitioners and stakeholders to present thematic research addressing gaps in (1) our understanding of climate-system behaviour at a regional scale and in particular at the upper fringes of current climate scenarios; (2) what the effects of such changes might be; and (3) potential adaptations. CRES has developed a broad set of tools related to climate adaptation; this includes improved regional climate and hydrological models, impact models, integrated assessment models, economic models, decision support tools and spatial planning tools. Through a coordinated research effort these tools were applied to provide new information on climate, hydrology, nutrient dynamics, ecosystem responses and economic risks. The studies in this CR Special highlight potential effects of extreme global warming with a focus on Denmark and northern Europe.
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plicitly continued even in the IPCC's Fifth Assessment Report where only results of the mitigated RCP4.5 scenario are displayed in the printed version of the 'Atlas' of projected temperature and precipitation changes forming part of the main volume (IPCC 2013a), although admittedly all 4 RCP scenarios are available as on-line supplementary material. Whether this is valid or not, extreme global warming scenarios and their possible implications have so far only been investigated sparsely and in a non-systematic way by climate and impact modelers (with a few notable ex ceptions, including New et al. 2011) as compared to mid-range scenarios.
IMPLICATIONS OF EXTREME GLOBAL WARMING
The implications of extreme global warming are not well known. For example, what is 'extreme' with regards to the functioning of specific ecosystems may vary greatly, and may differ in turn from what is regarded as extreme for societal systems. Adaptation to climate change generally requires a precise understanding and quantification of how human activities, interacting with natural processes, affect human and natural systems. The Centre for Regional Change in the Earth System (CRES) is a multidisciplinary climate research platform, which brings together leading Danish scientists -specialising in fields ranging from climate to the social sciences -with practitioners and stakeholders. This CR Special presents the results of thematic research carried out within CRES, whichsimilar to New et al. (2011) -aims at addressing some of the glaring gaps in our understanding of how the climate system might behave at the upper limit of current IPCC scenarios, what the effects of such changes might be and how to adapt to what would be unprecedented changes in the world we live in. From the CRES platform, a broad set of tools has been developed which can aid in the adaptation to climate, including improved regional climate, hydrological, impact, integrated assessment and economic models, and decision support and spatial planning tools. Through a coordinated research effort, these tools were applied to provide new information on climate, hydrology, nutrient dynamics, ecosystem responses and economic risks. In combination the different studies highlight issues related to extreme global warming with a focus on Denmark and Northern Europe. 
CONTRIBUTIONS TO THIS CR SPECIAL
The Special is comprised of 7 studies. Rummukainen (2015) reviews our present commitment to climate change as compounded by climate system inertia and socio-economic trends such as investment patterns and climate policy. Grinsted et al. (2015) use existing climate projections for the high RCP8.5 scenario to estimate the 21st century relative sea level rise in Northern Europe, emphasizing that considerable uncertainties stem from the sea level budget, in particular when determining an upper bound and the regional expression of sea level rise. Complementary to this study, Christensen et al. (2015) use a global circulation model downscaled over Europe with the regional model DMI-HIRHAM5 to investigate whether regional climate changes generally scale with global temperature at 6°C of global mean warming. For most of the quantities examined, the pattern scaling approach they adopt seems to be valid for the 6°C simulation, indicating that the simulation is not an outlier and that conclusions therefore would probably correspond to conclusions drawn from multi-model ensemble simulations of such a scenario. In this context and using the climate scenarios from Christensen et al. (2015), Karlsson et al. (2015) and Trolle et al. (2015) have examined the influence of extreme climate change on the hydrology, and in turn the ecological state, of lakes in Denmark. Karlsson et al. (2015) find that the most prominent changes in water balance are due to the drying out of soils rather than precipitation effects, whereas Trolle et al. (2015) report on substantial lake eutrophication, which is strongly enhanced by external nutrient loading to the lakes. The issue of urban adaptation to climate change is addressed by Arnbjerg-Nielsen et al. (2015) , who investigate whether the existing ambitious climate adaptation plan of Copenhagen will also account for projected changes in sea surge and precipitation under a 6°C scenario; Arnbjerg-Nielsen et al. find that if the plan is fully implemented (which will be an effort spanning several decades) Copenhagen will be well protected even in a high-end scenario, but also that it remains to be seen if the current polical awareness will endure. A related study by Halsnaes et al. (2015) , using the Danish city of Odense as an example, discusses the importance of decision-maker assumptions with regards to adaptation at increasing levels of climate change, including the severity of climate impacts, damage cost curves and economic assumptions like risk aversion and equity.
PERSPECTIVE
This CR Special illustrates, in a consistent manner, how an extreme but not improbable future climate may unfold and challenge society and the management of natural and manmade systems. As depicted by the collection of studies, adaptating to climate change is not simply an issue of turning a knob gradually towards higher values. Several components of the climate and managed systems are non-linearly related, raising doubts about the preparedness of society to make necessary adjustments (based on current thinking and adaptation strategies) as they head towards potential high end, high impact scenarios. Overall, the tools available to assist adaptation planning are clearly not yet geared to address these non-linearities, nor the fact that climate change should be seen as a continuing process and not as a step function by which we need to adapt to a particular future. Instead, means to enhance resilience to the effects of climate change, including under more ex treme scenarios, appear to be in demand. In this CR Special, the CRES underlines that in order to address these challenges, a holistic and coordinated multi-and even crossdisciplinary approach is absolutely necessary. 
